A "no-knowledge" measurement of an open quantum system yields no information about any system observable; it only returns noise input from the environment. Surprisingly, measuring nothing is most advantageous. We prove that a system undergoing no-knowledge monitoring has reversible noise, which can be cancelled by directly feeding back the measurement signal. We show how no-knowledge feedback control can be used to cancel decoherence in an arbitrary quantum system coupled to a Markovian reservoir. Since no-knowledge feedback does not depend on the system state or Hamiltonian, such decoherence cancellation is guaranteed to be general, robust and can operate in conjunction with any other quantum control protocol. As an application, we show that no-knowledge feedback could be used to improve the performance of dissipative quantum computers subjected to local loss.
"More signal, less noise" is the guiding philosophy of experimental science. Increasing measurement sensitivity is a proven strategy for pushing the frontiers of science and technology, yielding both improved knowledge and improved control over Nature. However, at the quantum scale physics pushes back by imposing a fundamental limit on the signal-to-noise ratio by virtue of Heisenberg's Uncertainty Principle [1, 2] . Nevertheless, "more signal, less noise" also guides the design of protocols for the measurement and control of quantum systems, such as squeezed state photon [3] and atom [4] interferometry, optimal parameter estimation [5] , weak measurement [6] , measurement-based feedback control [5, 7] and adaptive measurement [8] . In this article, we take the unorthodox "no signal, only noise" approach, and consider measurements that are pure noise, and therefore give no knowledge of the quantum state whatsoever. From a quantum control perspective, one intuitively expects such no-knowledge measurements to be unworthy of study, since robust feedback control requires at least some (and preferably good) knowledge of the system state. On the contrary, we show that a measurementbased feedback protocol based on no-knowledge monitoring can be used to remove decoherence -the bane of quantum technology -from an arbitrary quantum system coupled to a Markovian environment. Although serious attempts to eliminate or reduce decoherence have resulted in significant successes, for example the development of error correction codes for quantum information science [9] [10] [11] [12] , dynamical decoupling [13] , reservoir engineering [14, 15] , feedback control [16] [17] [18] [19] [20] , and the engineering of decoherence-free subspaces [21, 22] , decoherence has yet to be adequately tamed. In our proposal, decoherence is cancelled by directly feeding the noknowledge measurement signal back into the system, in effect turning quantum noise against itself. Unlike many other methods of decoherence reduction, this feedback operates with no a priori knowledge of the system, and is consequently both effective, robust and can operate in conjunction with other quantum control protocols. This demonstrates that meaningful feedback control without knowledge is not only possible, but desirable.
No-knowledge measurements. Consider a system governed by Hamiltonian H that interacts with a Markovian reservoir via the coupling operator L. The system density operator, t , evolves according to the master equation
where
, and we have chosen units such that = 1. In principle, it is always possible to indirectly extract information about the state of the system by performing a projective measurement on the reservoir. In particular, for a homodyne measurement of the environment at an angle θ, the conditional dynamics of the system are described by the Stratonovich stochastic master equation [5, 23, 24] 
where ρ t is the unnormalised conditional density operator for the system, η is the detection efficiency, A[Z]ρ t = Zρ t +ρ t Z † , and (magenta), and 0 (black). The underlying initial state of the qubit, ρ0 = [I + (σx + σy)/ √ 2]/2, is different to the initial estimate of the filter, which is the mixed state π0 = I/2. ||ρt − πt|| is averaged over 5000 trajectories, leading to a standard error on the order of the line thickness. The system and filter take a longer time to converge as θ approaches the no-knowledge quadrature θ = π/2. (c) The no-knowledge measurement (θ = π/2) is directly fed back into the system via the Hamiltonian H = Ωσx + √ γσzy π/2 (t) in order to cancel the dephasing. (d) The system (red, solid line) and filter (blue, dashed line) evolution of the qubit under no-knowledge feedback. Despite the filter's inaccurate estimate of ρt, decoherence is completely removed from the system. This demonstrates that accurate knowledge of the system state is not required for effective no-knowledge feedback.
which conditions the system dynamics based on the homodyne measurement photocurrent
where ξ(t) is a Stratonovich stochastic integral [25, 26] .
The final term of Eq. (4) is the Stratonovich correction, which is a deterministic drift that must be included along with any Stratonovich stochastic integrals (see supplemental material, Sec. I). Note that Eq. (1), the unconditional evolution of t , is obtained by averaging Eq. (4) over different realisations of the measurement record, up to a normalisation factor. Equation (8) shows that the measurement signal is composed of two parts; the first term represents the knowledge obtained about the system from the measurement, whereas the second term is the corrupting (white) noise input from the reservoir. However, there exist choices of L for which the measurement returns no information about the system operators, which we term a no-knowledge measurement. More specifically, when L is Hermitian, homodyne detection of the reservoir at an angle θ = π/2 is a no-knowledge measurement, since the measurement signal y π/2 (t) = ξ(t) returns only noise.
We can examine the effect of a no-knowledge measurement by comparing the dynamical evolution of the underlying system state, ρ t , to that of the quantum filter [7, 27] , π t , which is the optimal Bayesian estimate of the system density matrix conditioned on the measurement record [28] . The quantum filtering equation for the unnormalised quantum filter π t is [29, 30] 
Now suppose that π 0 = ρ 0 , which encodes an observer's initial ignorance of the underlying system state. For most measurement choices, information extracted from the measurement signal leads to a better estimate of the system state over time, and so π t will converge to ρ t in finite time. However, this is not true for a no-knowledge measurement. The absence of knowledge about the system means that the filter is conditioned only on noise, Eqs (4) and (4) decouple, and hence the filter never converges to the system state (we prove this explicitly in Sec. II of the supplemental material). To illustrate this point we consider a resonantly-driven two-level system (H = Ωσ x ) undergoing dephasing (L = √ γσ z ) while continuously monitored with perfect homodyne detection (η = 1) at angle θ (see Fig. 1 (a) and Sec. III of supplemental material). As shown in Fig. 1(b) , the filter takes longer to converge to the system as θ approaches the noknowledge quadrature θ = π/2. When θ = π/2 the system and filter fail to converge, indicating that the filter never gives an accurate estimate of the system. Cancelling reservoir noise with no knowledge. In classical control theory, if the initial state of a system can not be determined from the measurement signal, then the system-observation pair is called unobservable. A system undergoing a no-knowledge measurement is clearly unobservable, as neither the past or present state of the system can be determined from the measurement record. One may expect, therefore, that this lack of knowledge renders meaningful measurement-based feedback control of the system impossible. This intuition is incorrect. For although a no-knowledge measurement signal has no explicit dependence on any system observable, the fundamental noise that corrupts the measurement signal is correlated with the reservoir noise coupled to the system. A no-knowledge measurement therefore still contains information (in an information-theoretic sense). More interestingly, the information contained in a no-knowledge measurement can be used to cancel the effects of reservoir noise on the system. Specifically, consider the evolution of the quantum state when L is Hermitian, and we make a measurement of the no-knowledge quadrature θ = π/2 with perfect efficiency η = 1. Under these conditions, Eq. (4) takes a particularly simple form:
Note that the system dynamics due to the reservoir noise are trace preserving and coherent in nature. Consequently, their effect is reversible and can be entirely cancelled by directly feeding back the measurement signal. Explicitly, if we make the replacement
Crucially, this feedback only works because the noise that formed the measurement signal was perfectly correlated with the reservoir noise inducing decoherence in the system.
What is particularly interesting about feedback based on a no-knowledge measurement is that it works when the quantum filter and underlying system state are initially very different [see Figs 1(c) and (d)]. This becomes clear when we notice that the feedback is performed without any filtering of the measurement signal; the signal is simply fed back into the system through the Hamiltonian. Indeed, no-knowledge feedback control can be successfully implemented with almost no a priori knowledge of the underlying system state or dynamics. No-knowledge feedback only requires a correct identification of the noknowledge quadrature, which depends only on the form of the system-reservoir coupling operator L. A precise description of the system state and its evolution, coherent or otherwise, is not required. This natural robustness [31] gives no-knowledge feedback a key advantage over other quantum-state-dependent methods of decoherence reduction [32] , particularly for systems where the precise dynamics and noise sources cannot be precisely quantified.
When the detection efficiency is imperfect, the effectiveness of the no-knowledge feedback is reduced. For in this case the evolution is not purely coherent:
and therefore cannot be entirely cancelled by feeding back the measurement signal. Nevertheless, by choosing the no-knowledge feedback H → H + √ ηL y φ/2 (t) the rate of decoherence can be reduced by a factor of (1 − η) [c.f. Eq. (1)]:
Experiments with imperfect detection efficiency can therefore still enjoy a significant and robust decoherence reduction by employing no-knowledge feedback. An analogous result can be derived for photodetection, where a unitary L corresponds to a no-knowledge measurement. Noise is cancelled by applying a unitary gate to the system after a the detection of a photon (see Sec. IV of supplemental material for details; a particular example of this approach is in [33] ).
Removing decoherence for general L. As formulated above, a no-knowledge measurement is only possible when the coupling operator is Hermitian [34] . Since physical observables are Hermitian, direct no-knowledge measurements are possible for a broad range of physical systems. Examples include dephasing in qubits (L = σ z ) [35] , optomechanical devices under position measurement (L = x) [36] and non-destructive detection of BoseEinstein condensates [18] [19] [20] 37] . However, some common system-reservoir coupling operators are not Hermitian. One example is the annihilation operator for an harmonic oscillator a, since a † = a. Fortuitously, we can still remove decoherence for a general L via a similar measurement-based feedback scheme to that outlined above. Counterintuitively, this is achieved by first adding an extra noise source [33] to the system which has a coupling operator L † , giving the unconditional dynamics
For our purposes, the 'trick' is to recognise that
Hermitian operators. Thus L ± are effective coupling operators that admit possible no-knowledge measurements.
Measurements of L ± are possible by first taking the output channels of both reservoirs, mixing them via a 50:50 beam splitter, introducing a relative phase shift of π/2 between the two outputs and subsequently measuring each output with homodyne detection (see Fig. 2 ). This yields the two measurement signals y ± θ (t) = 2 √ η cos θ L ± t + ξ ± (t), where ξ ± (t) are independent Stratonovich noises. No-knowledge measurements of L ± are realised by taking a quadrature angle θ = π/2. The beam splitting step of the feedback protocol is vital, and it is this step which has no classical analogue, making our result a quantum feedback protocol.
The evolution of the quantum state under these noknowledge measurements is given by a straightforward generalisation of Eq. (6):
The advantages of such dissipative engineering have been examined in the context of quantum computation [38] and entanglement protection [33] for a given choice of L, where, despite the absence of feedback that entirely decouples the system from decoherence, the level of entanglement was found to be immune to the resulting unitary conditional evolution. Finally, as above, we can directly feed the measurement signals back via the replacement
The original decoherence in the system has been suppressed by the factor (1 − η), admittedly at the cost of introducing additional decoherence due to L † . However, in the perfect detection efficiency limit, η → 1, all decoherence is completely eradicated from the system and only coherent evolution remains.
Application: dissipative quantum computing. It was recently shown that appropriately engineered quasi-local dissipation can be used to perform universal quantum computation (UQC) [39] . Although such dissipative quantum computing (DQC) is robust to decoherence in principle, in practice it is likely to suffer from local errors due to the presence of local loss. For traditional UQC, local errors can be corrected via quantum error correction (QEC) codes. Indeed, the threshold theorem proves that traditional UQC can be scaled to larger numbers of qubits, even when local errors are present, provided QEC is in operation [35] . However, QEC requires precisely timed projective measurement and conditional operations, hence adding this capacity to DQC greatly complicates the engineering of these systems [40] .
We provide a much simpler solution. Provided the cause of the local errors is diagnosable, no-knowledge feedback can be used to cancel out local errors. Crucially, the feedback will work concurrently with any given quantum computation. To show this, we consider the effect of local loss on a DQC algorithm designed to generate a linear cluster state [see Fig. 3(a) ]. A series of N qubits evolve under the influence of quasi-local dis- 
The steady state, ρ ss , for the system when there is no local loss (γ = 0) is a cluster state, ρ ss = ρ cluster . However, when local loss is present (γ = 0), the steady state of the system is no longer the target cluster state. As shown in Fig. 3(c) , the fidelity F = Tr [ρ ss ρ cluster ] between the target cluster state and the actual steady state rapidly decreases with system size. However, when no-knowledge feedback is implemented as depicted in Figs 3(b) , the decline in the fidelity as a function of system size is arrested. Engineering the additional local dissipator σ i + [33, 41] required for this feedback should be trivial in comparison to engineering the quasi-local dissipators Q i . Figure 3(c) quantifies the effectiveness of the no-knowledge feedback, demonstrating that the fidelity improves as the detection efficiency increases, with the creation of a perfect cluster state possible when η = 1. In fact, since no-knowledge feedback can operate concurrently to any DQC algorithm, it could be included in addition to QEC. In this case no-knowledge feedback with an imperfect detection efficiency may reduce the error rate to the threshold required for truly scalable DQC.
DQC is just one of many possible quantum technologies that could be improved, or made possible, by the general and robust reduction of decoherence via noknowledge measurement-based feedback. Indeed, as this example demonstrates, no-knowledge feedback can operate in conjunction with other quantum control protocols. No-knowledge feedback therefore does not compete with other decoherence reduction methods (e.g. QEC), it compliments them. Furthermore, given the simplicity of noknowledge feedback, we suspect that the development of no-knowledge coherent feedback control is a strong possibility. The many advantages of no-knowledge feedback strengthen the case for more reliable and robust dissipation engineering, as this is a vital ingredient for the cancellation of general forms of decoherence.
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SUPPLEMENTARY MATERIAL I. Stochastic master equation in Stratonovich form
The effect of a no-knowledge measurement is best understood by examining the Stratonovich version of the conditional master equation. However, the literature far more frequently presents conditional master equations with Ito stochastic integrals. Here we present the connection between the two.
To begin, consider an n × 1 vector of stochastic variables x t that obeys the following linear Ito stochastic differential equation:
where A and B are n × n matrices, and dw(t) is an Ito Wiener increment satisfying dw(t)dw(t) = dt. 
Since Stratonovich SDEs satisfy the rules of deterministic calculus, we choose not to use the differential shorthand, which also allows Ito and Stratonovich SDEs to be quickly distinguished. Nevertheless, Eq. (2) should also be strictly interpreted as an integral equation. Let us return to the stochastic master equation for the conditional evolution of the unnormalised density operator, ρ t . This is commonly written in the Ito form
where 
II. No-knowledge measurements and convergence
In this section we prove that the quantum filter does not in general converge to the underlying system state if the system is undergoing a no-knowledge homodyne measurement. As stated in Eq. (5) of the main text, when the system undergoes no-knowledge monitoring (i.e. homodyne detection at an angle θ = π/2), the dynamics of the underlying conditional state are given by ∂ t ρ t = −i H − Ly π/2 (t), ρ t .
We also assume that an observer makes some optimal Bayesian estimate of the system state, π t , conditioned on the measurement signal y π/2 . For a no-knowledge measurement, both ρ t and π t obey Eq. (5). However, in general the initial conditions differ (i.e. π 0 = ρ 0 ). Define ∆ t ≡ ρ t −π t , which clearly satisfies Eq. (5), and will therefore retain its initial normalisation. We now quantify the difference between the system and filter via the Frobenius distance ||∆ t || ≡ Tr[∆ 2 t ]. Due to the form of Eq. (5), the Frobenius distance is constant in time:
Thus ρ t and π t remain the same distance apart from each other for all time. This shows that under no-knowledge monitoring, it is impossible for an experimenter to refine their estimate of the system state.
III. Equations of motion for a qubit undergoing dephasing
Consider the Stratonovich stochastic master equations 
which correspond to the physical setup depicted in Fig. 1(a) of the main text. Although equations (7a) and (7b) look similar, it is important to recognise that they are coupled via the same measurement signal y θ (t) = 2 √ γ cos θ (Tr[σ z ρ t ]/Tr[ρ t ]) + ξ(t).
For a qubit, the density matrix for the underlying system takes the simple form ρ t = 1 2 (I + x ρ (t)σ x + y ρ (t)σ y + z ρ (t)σ z ) ,
where, for example, x ρ (t) = Tr[σ x ρ t ]/Tr[ρ t ], which implies that (x ρ (t), y ρ (t), z ρ (t)) are the co-ordinates defining
